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1. Introduction.
The well-known approach to investigations of the surface properties of semidilute polymer solutions [1] gives the following dependence of the surface tension on density for flexible isotropic linear polymers where p is the volume fraction of monomers entering into macromolecules. The polymermagnetic analogy and scaling arguments used for deriving the expression (1) are efficient only when the value of p is sufficiently small and a solution has the scaling properties [1] [2] [3] . When p is large, the surface tension depends on the intermolecular interaction at the monomer level [1] . Therefore, the attempts of construction of solvable polymer models taking into account the excluded-volume effects and giving the dependence of u (p) in a wide range of p are of great interest. Recently, a model of polymers at surfaces has been proposed [4] in which a single polymer chain has been treated as a directed random walk on a semi-infinite lattice. An array of twodimensional directed walks non-intersecting each other and interacting with a wall has been considered in [5] . Polymer models of that type with the excluded volume effects have been
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01989005006059900 introduced by Nagle [6] , who has shown its equivalence to dimer models on decorated lattices. The two-dimensional dimer problem is solvable because it belongs to the class of freefermion models [7] . Apart from exact solutions in the two-dimensional case, free-fermion models can be used as reasonable approximations for higher dimensions.
In this work we use the free-fermion representation to consider both the three-dimensional and two-dimensional model of directed polymers being in contact with a solid wall. Realistic systems which can be described by that model may be products of directed polymerization of bifunctional monomers. Moreover, the model considered here can apparently describe the behaviour of polymer solutions in the presence of a fluid flow [8] .
The model is formulated in section 2. The calculation method used in this work allows us in a combinatorial way to find the partition function of the semi-infinite system and to obtain the excess surface free energy (Sect. 3). Assuming the existence of the stable boundary we identity the surface free energy with the surface tension a and derive the p dependence of u for d = 2, 3. Equation (1) (Fig. 1) . Consider an ensemble of particles performing M-step walks. Two different particles cannot be simultaneously found at the same site and avoid the origin of coordinates and the site N. The two-dimensional polymer model [6] arises from these definitions if one associates time with the spatial coordinates. Indeed, the M-step walks may be regarded as closed directed polymers rolled around a cylinder. Polymer chains avoid each other and don't cross the walls, i. e. the vertical lines going through the origin of coordinates and the site N. In the case d = 3 the model is defined quite analogously [9] [10] [11] . Figure 2 [9, 11] . Here we confine ourselves to a brief accounl of the method.
The ansatz consists in providing for the walks « fermionic » properties. To this end we introduce the auxiliary function which is also the weight of the set of n walks gn, but any walk from gn is weighted with the « minus » sign. Let P be any nonperiodic, K-step walk which gets back at the origin point after K = kM steps, where k &#x3E; 1 is an integer, M as above is the size of the lattice along the vertical. Let X (P) be the weight of P in the sense of equation (2) (Fig. 3(a) ) which are intersecting at this point and in a form of a single self-intersecting path (Fig. 3(b) ). In expansion (10) the first situation is described by weight (-1 ) X (Pl ) (-1 ) X (P2 ) the second one by the weight (-1 ) X (P1) X (P2) . Contributions from intersecting and self-intersecting paths are cancelled, and only the terms remain which correspond to all terms of the sum X, X (g ).
-
The connection between X (g ) and X (g ) is established as follows. In the case d = 2 the paths on the two-dimensional lattice are rolled around a torus, therefore any path enveloping the lattice more than once in one direction is surely self-intersecting. Hence in the sum g X (g ) those paths remain which envelop the lattice only once and, so, they all consist Fig. 3. -(a [9] .
Let Kp be the number of steps along a path P. From equation (4) Indeed, the differentiation in (12) with respect to y selects among paths which enter into the partition function only those which at least once fall on the wall. If the path falls on the wall v times, its weight contains the factor y ". The action of the operator ya/ay results in the factor v in this weight. Therefore, in the left-hand side of (12) every path which falls on the boundary v times is taken into account v times. The factor S in the right-hand side of (12) signifies that every path can begin at any point of the boundary. Therefore the path that falls on the boundary v times is also taken into account v times in the right-hand side of (12) .
From equations (7, The expression for f, derived in section 2 after taking the thermodynamic limit can be written as follows :
We recall that the walk occurs on the one-dimensional lattice 0, 1, ..., N in the twodimensional model and on the two-dimensional lattice when d (17, 27, 28) it follows that the surface free energy is given by the formula with the substitutions x -x ei{3 and y -y eifJ in (27, 28 following from (6, 11) and (14-16). Using expressions (27, 28) we obtain the following result for d = 2 :
Therefore from equalities (30) and (40) we find for afl 0 pu 1 :
The low and high density asymptotics are When d = 3, the fugacity can only be eliminated from (39) when p --+ 0 and p -1 by using the results of work [12] :
With these expressions, the low and high density asymptotics as can be seen from (38, 44, 45) are given by the formulae The latter formula implicitly defines the excess surface free energy in the concentratedsolution limit on the lattice.
In conclusion, we have proposed the lattice model of directed linear polymers which contact with the nonadsorbed wall. Flexible polymer chains are not intersecting with each other owing to the short-range repulsion. The enumeration of polymer configurations is carried out by the combinatorial method which gives an exact result when d = 2. For d = 3, it leads to a free-fermion approximation. The difference of free energies for the model with nonadsorbed wall and the model without boundary can be related to the surface tension cr. The analysis of obtained results for d = 2 shows that a -p 2 in the semidilute limit and a --In (1 -p ) in the concentrated-solution limit. When d = 3 the free-fermion approximation gives the known result [1] u '" p 3/2, when p is small. This dependence for the surface tension coincides with the analogous law for the semidilute solution regime of an isotropic polymer solution which is obtained from the polymer-magnetic analogy and scaling arguments [1] .
In spite of the coincidence of the law p 3/2 for three-dimensional isotropic and directed polymer models, correlation properties of these model are drastically different. The effective correlation length e in the semidilute limit for directed polymers can be estimated from the osmotic-pressure dependence. In our model when d = 3, it has the asymptotic [9] : From (48) and (44) we find that for small p :
Using the known estimate for the semidilute solution [1] :
we get Therefore effective correlations of directed linear polymers with the excluded volume are very different from those in an isotropic system where the effective correlation length is
